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OBJECT 

To take a series of high fapeed X-ray pictures showing 
the functioning of    ^Cmm H. E.  I.  Shell M°7 (T23)  sijnilar to 
the studies carried out for the 20 mm H.E.I.  Shell MK-I. 

SUMMARY 

A  series of high speed X-ray pictures have been taken 
which show the functioning of 2Qmm H.E.I.  Shell M97  (T23)  v^lth 
Fuze P.D. T71S4 when fired through the following thickness of 
target plates:     .012 in,,  l/l6 in.,   .083  in,,  l/8 in, and l/k in. 
The pictures show the time of function,  the manner of fragmentation 
of the shell and the formation of the hole in the plate. 

At c. L-triking velocity of approximately 2850 f/s against 
target plates placed normal to the line of fire the functioning 
of the shell  is dependent on the thickncsi; of the plate.    Against 
,083 in. plate all shells functioned while passing through or after 
having passed through the plate,    «ifhen fired against l/8 in.   and 
l/k  in,  plates the  shells consistently functioned and ruptured 
before the bourrelets of the shells had passed through the plate. 
None of the shells fired against the .012 in, plate functioned. 
When fired agnln^t the l/l^ in.  plate the shells frequently did 
not function until they were completely through the plate.    Two 
shells out of 20 fired did not  function at all. 

The dependence oi  the functioning of  the  shell on the 
angle of impact and on velocity was observed on  ,063 in,plates. 
Vihen  fired at a  striking velocity of approximately 2850 f/s against 
th'. pl.-itu inclined at 20°  to the  line of fir:. ;-ll  shell:;  functioned 
consistently and ruptured before having passed half 'A^y through the 
pL.te,    Against a plate placed normal to the  line of fire the  shells 
frequently passed comrletely through the plite before functioning, 
Vih-n fired  it  1600 f/s against the plate placed normal  to the lino of fire"* 
eight  shells out of 35 fired did not function :X  oil. 

The  shells  swell to almost  twice normal dirjr.eter before 
rupture is visible. 

The uxplosion jjuptrts a radial velocity ^f approxiiiatoly 
2'V(   f/s to th«  nhell fragments, 
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I.      INTRODUKTION UNCU\8S\BED 
This Arsenal has taken high speed X-ray pictures 

which show th^ functioning of 20 mm H.E.I, Shell MK-I, with 
Fuze No, 253 MK-H, when fired through a mild steel target 
(l/l6 in, and l/8 in, thick) placed normal to the line of 
fire. The pictures show the manner in which the shell  , . 
ruptures and the formation of the hole in the target plate,^ ' 
A request was received from the Office Chief of Ordnance to 
conduct similar studios for the 20 mm H.E.I. Shell M97 (T23).(>2') 

II.    LSTHODS 

A, Vv'oapon 

A 20 mm gun tube AN-M2 was used for the firing. 
An adapter sleeve was screwed on the breech end of the tube. 
This  sleeve was threaded for the  "A.E.S," screw-on firing action 
permitting convenient  single round firing, 

B, Ammunition 

20 mm H,E.I. Shell L97 (T23) with Fuze P.D.  T71EA 
were    used for these tests.    A stationary radiograph of thie shell 
is  shorn on Figure 1, 

C, Targets 

K'dld steel plates (WD 1010 hot rolled annealed .md 
pickled,   or  cold rolled,  dead soft temper) were used as targets. 
The  following target plates were used: 

(1) .012 in. x 12  in. >.  16 in,  placed normal  to 
thu linv. of fire. 

(2) l/l6 in,  (.063  In.) x 12  in.  x 16 in,  placed 
normal to th«- line of fire, 

(3) .083  in,  x 12  in. x 16 in, placuri norn.-l  to 
thi.   line of  fire, 

(i.)   ,003  in, x 12 in. x 36 in,  inclined   .t 20* 
to th_ lir.c of fire  (70°  between tn.  trajectory and the nonn .1 to 
ihe pi-to), 

(t)) :./8 in, (»125 ir..) x 12 in. x U  in, pLaccd 
normal to thu lir^ of flrv, 

(6) lA in. (,2$C ir..) x 12 in, x li  In. placed 
norn.l to the lino of fire, 

Th».  nheiis w«rv  11« ;U   .t   . slnKir^ Velocity of 
, i rw i-T/.uiy 2fe^C f/a throu^v. 0 .cJ.   A   the   .toVv.  \.v,' is  \nd   .Iso 

at      roduccd velocity (16C0 f/a) throu^r. tr.c  ,&C3 In. t rf-et pLc a 
nor..l to tn.  lini, of flrj,    k new 1».; ret pl:.to *r.s '»3^4 for e.ch 
r'hot.    T^ 1 .r.   1      3 ioc.t.<j ^ ft, frtu-- 1!.. ausiK of th,   -or.. 

• ■ 

fr rjtfDrü Amu.-i CrU;.:..«o Liar.lory Kurort V<&* K-wtC,   "Hitr  Jr   - • 
«-.•■ / r.ctv^e:.  r>f   '.{.   se  h,"^;.  jf-^i» H-I" by £, n,   r^ilc 

Rearwc ITU 
Ui.UUWw.i j^^ 
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D High. Spocd X-Ray Pictures 

The high speed X-ray equipment (3) was used 
in taking the pictures,    A picture showing the arrangement 
of the X-ray tubes and film with respect to the target and 
fragment protection is shown on Figure I of Frankford Arsenal 
Ordnance Laboratory Report No, R-480.(4) 

A number of shells were fired through each 
thickness of plate and high speed X-ray pictures wore taken at 
the instant of impact and at varying times thereafter• 

For the targets placed normal to the line of fire 
t..o mutually perpendicular high speed X-ray pictures were taken 
of the functioning of each shell,    A diagram of the  set-up used 
in taking these pictures is shown onFiguro 3 of Frankford Arsenal 
Ordnance Laboratory Report No. R-/+80, w) The line  of fire was 
varied from 2 in. to 4 in. above the horizontal film cassette* 
Lln.3d.raum detail of the functioning of the shell was obtained on 
this horizontal film.    The mutually perpendicular picture was 
taken on the vertical film.    This film v.as located 9 iru from 
the   Line of fir« and the pictures obtained on this film are 
lacking in detail»    However the failure of a shell to function 
such a3 round 18 on Figur« 5 was revealed by this vertical 
picture. 

in the cse  of the   ,083 in,  target inclined at 20° 
to the ilnu  of fire only a  single high speed X-ray picture was 
t ken of the functioning of the  shell.    The horizontal tube :-nd 
film cassette arranged as shown on Figure 3  (side view) of 
Frankford Arsenal Ordnance Laboratory Report No. R-480 (6) w^re 
u s c ci. 

All high M t,ed X-i'-v' ; ictur^c v.cre t- Ken at 360 
kilo-volt peak end using Pati-rson ff'245 industrial co.abintion 
intcn'rifying scr.-ens with Sastman Blue Brend Ultra Speed X-Ray 
Film, 

111.     H^SILTS ,JHD JISGU3SIC!. 

Rv-pr  :-.:.l'illvw  printr. of the X-r-y pictures are shown 
on thj fl-ur.r. th t follow,    Th.s«- v^r.  ntleclcd fro.^ -  lar, . 
nu-.Kr oi ; Lciur«.3 not !<• r- in r rrociucud.    Th^, descriptive m-'t^ri  1 
.ccoitp-tr.yinr Uc picturto iü b r.ed on  J\ oxrxu.nulion of th«. 
»r;-in-I n^g i'.v,    nd socu  of the d^tälr aa/e been lost In the 
reproduction proc-n5. 

(}) FrnkioriJ iJ*3cr.Al Ordr.mce Liboraory ..«port i^o, K-1BV,    'liigh Zpncii 
>.-K y £,^ii;tv.nt" by .w., J;. Thilo rr.d Z. k, iiudson 

{*.) he!,   i,   loc, cit, 

C*») J.f,  I,   loc. ell, 
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The pictures shown on Figures 2,  5 and 19 arc direct 

prints from the X-ray negatives.    The pictures shown on Figures 
3,   4,  end 6 to 18 inclusive have been copied from direct prints 
made from the X-ray negatives.    The copied pictures have been 
reduced to 'approximately 1/3 size» 

Figure 18 is included for comparing the manner in which 
the 20 ma H.E.I, Shell MK-I functions. 

Two high speed X-ray pictures showing the fragmentation 
of 20mn H,,E. Shell MK-iH (Navy)  w) are shown on Figure 19. 

Figure f) shows two mutually perpendicular high apeed 
X-ray pictures of on-  shell oxpluding  .vith a time interval of 
approximately kk microseconds between pictures.    The average 
radial velocity imparted to the fragments by the force of the 
explosion was approximately 2800 f/s.    This value agrees well 
with the v:lues reported by hiajor Clark of Aberdeen,  'w 

The X-ray pictures correlated vdth observations of the 
target plate revealed the following facts.    Except wherj other- 
wise  indiented  the shells were fir^d at service velocity against 
target plates placed normal to the line of fire. 

(1) »012 in.  target plate (Fi.:ur^ 2) 
(a) The  shells did not lunction when fired 

through this tiiickn^ss of plate, 
(b) The vdndshiwlds of  the /.hells Wo-re not 

crushed up a:   a result  of th<. impact, 

(2) 1/16 in.   (.063  in.)  t.rget plate (.Figun  3,A,   5) 
(a) The  sheila frequently did net function until 

thy v.arc  cofrnletely through thv. plate,    Tvo  shells out  of ^0 
fir^d,   did n:t function at  •dl. 

(b) Th-  shells v.hich did fin.ction while p^.-iinc 
thrnu.ii the j.l .te ruptured when more th.n Iv If w..y through,    Thi.- 
rcsultwd in enly small holes (.2 i/f in, maximum diavot^r) L«_ing 
foit.t-d in th«.  pi .te. 

(c) Th« 2e ma }!,£,I.  Sr.Ul 17,-1 (Fuz-, ff253f UK-fl) 
v.hen firwd through Lh-   -.-.mj thiouK  .. of platu all functi^a^d, 
Rui'tur    of the-  shclli concintor.tly --ccurrod bcfoiv the  r.h.il.- h.d 
p.r-;.,^ ..orw th-n hJ.f w y ihr >u;i. the  pl'U,    .. hole  ^pproxir. Uly 
.'. in.  in oi r.viter w  a formed In IJ.C ;1 te,(v) 

(7) Frajikford Arn,:.'! Ordn x.cc L.bor t ry Heporl U\-7s,   "rii^h 5,-^ i 
Ä-H :   Pictures of   th*. :u%ctl:;.;ar   >f ."(.  .-x, H.E.  Sa.Ii ll-Ul 
il-vy)   .her. Flr.d Throwh      l/C  In,    ViU 3.^1 T .r,-« t 11 cd 

r. 1   l    th,   l.i'       f Fir.-,   , ;.   :, !,. Thilo 
(r;  At .ni    - Fnvi?      :r ur.1 Biil-ti-  :.  -    r:*. I ^ r t  r.   Kv r: rt 

'•', j.v, "f".   "   . .. rtr r  / .:, : >* H,..:. WK-J ;.\,I ir.- 
jt *ac :^'- n is c* i v L ; r :, :. :; rk 
ft j *.i  ri -r  .;- ;    r-.   re    :. i.r i ry tx^.rX !.-. .•.-^:,":#   i   -.    .'-, 
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(3)   ,083 in.  target plate  (Figure 6,   7) 

(a) All shells functioned when fired through 
this thickness of plate. 

(b) The time at which the shells functioned 
varied.    Eight shells out of 32 fired passed completely through 
the plate before functioning, 

(c) Shells which functioned and ruptured before 
passing half way through the plate produced large holes (6-7 ins. 
in diameter).    The momentum imparted to the petals on the back 
of the plate from the force of the explosion  caused them to curl 
b''-ck  and form the large hole. 

(4)  »083  in.  target pl-itt,   rh/U  fired at reduced velocity 
(loüü f/s)/Figure  8,9). 

(a) Thirty-five  shell.: w^re  fired at reduced 
velocity through this thieKnes.'ä of pJ:.t..,    Two  shells functioned 
after p^söing through tnv, plate.    Sight sheU-s did not function 
at all, 

(b) T;.-   Aher 25 shells functioned.    Rupture of 
the.;-  shullr, cor.   :.:>t .atly occurred bufere the shells had passed 
mcr-j  than h-ii' '.•.•/  through the plate,    Thüt.o  bhella pruducud .: 
.l'r> '.1  lu  (6-7 ir..  diameter) in the pl,\te. 

(5»)   .083 in.   target plat.-; inclined at 20^ to the line 
of fir^ .  (Figure 10,   11) 

(.;  The  shells r.ll functioned consistently -rid 
ruptured bef r - having p'.r.scd half v.. 7  through  the pl:.tu. 

(b)  The explosion  of  the sheila  produced a hole 
approximately i j/l, in.   in dimeter in the plate.    The momentum 
impr.rtee  to  the  petals or,  the  back of   the plate   from the  impact 
nf the murhroomed  shell base caused them to curl back and  form 
•1 murr.  In/-er hole  {L, l/z  inn.   in diameter) 

((.) l/e in.  (.12$  in.)  target plate,  (Figure  12,   13,   U; 

(a)  The  shell? all function b  fore passing through 
the plalc, 

U y   "Hie  shell-   start   10   nwcll ippro>.lrkati ly  . i, rl:ro- 
.KCor.d:   «ftor  Lrpact,    ;--.>.{ lure ol   the  nhtiiia taken place    before the 
bo .rr- :   '     of '\i   sheila h .v». passed through th*. plate (appro^i^t. ly 
45 rUcr'         • '.". after ia|act). 

RESTRICTED 
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(c) The momentum imparted to the petals on the 

back of the plate from the force of the explosion caused them 
to  curl back and form a large hole (6 - 7 in, in diameter). 

(d) The 20 mm H.S.I. Shell MK-I (Fuze #253,  MK-D) 
functioned in a similar manner when fired through the  same thick- 
ness of plate,  (10) 

(7) l/4 in.  (.250 in.) target plate.    (Figure 15,  16,   17) 

(a) The  shells all functioned before passing through 
the plate, 

(b) The shells start to swell approximately 20 micro- 
seconds aft'.r    impact.    Rupture of the shells takes place before 
the bourrelets of the  shells have passed through the plate (approximately 
40 microseconds nfter imp:ict), 

(c) The momentum imparted to the  petal;; on tlv  back of 
the plate   from the  force  of   the explosion  caused th„/.i to  curl back 
to form a hole approximately 5 in.  in di..imeter. 

The  shells swell to almost twice normal  dl.Meter Lefui-v 
visible   rupture takes place.    The noses OJ   the shell  break:; up 
into fragments.    In the ?.i:c~ of the H.E.I,  li!K-lEshell the noses of 
the shellc remained in one  fincc    Th- fragment .lion of the rest of 
the  shells is  similar to  that of the KiK-d shells (i,  e,  rupture  of the 
shell body,  mushrooming out of th- base of the  shell). 

The fragmentation of ti.e .>   mm H. 5.  Shell,  Mh-3II(I.av;,), 
is  nijfer.nt from trie H,  E.   I.  Sh-li  in th it  the noje,   body   na 
ea. e  cf 11; ;  jheiii;   all  1 re .K  up   ir.to  sriall   lr ...••....-it ; v,l,en  the   ih..i:; 
ru; turv.. 

-r • •      -I - »    -* • 
J~. -J i.e 1 • J 

Tne hi-'h  sjeeo X-r .y ricl-r.:   shov; the ;nj.n.r  in  ..aic:'.  •::. 
:-,;.-ll function,   D.L   fr" a'..nt tie.,  p-'-tterr.  of  U.v, sh^il   JK! t.-, 
lera tior   of  t: . hol,  ir. the  plate, 

«t       rtriKin-  velocity  of   .,   roxi-'   t   ly .f;>    :/     .. .ja.-.t 
t  r.-.t ;1 .•.,.-, il ceJ nor .1  tc> th,  .ir.    of  fir.  ti.e fur.cticx inr 
jf  l;;c  ch-U  i;- i!ependex;t or. 'he   t'aicKi   :.   o:   '„a    pl.t«,  us-d, Ag .i.-..:i 
,v'-Mj  in,  i-i-,:  :1  t, ■     ;.   .h. 11;   far'tir.ü   .-.il«   p-■ -.ing thrru.aa   >r 
aft.:   .. v:n.' 1    - K .:  throu-f   V:.   yl .t.,      "h.:;  fir.J  ag   in 1   thi.'k  r 
jl   t. ;  the   ;.'. il-.  r(,:.-..-t „vtl;   f\TCi;.?..i  -m rupt-ir   : t-f.i    1 a 
:    .rr  I  t-   of l ,     ■.•...,  r. <: j   -■-> ,  throu^-;   th'   f 1 .t   , 

rh    l'■£:•: 1.« im     .f th.     a-.l   i-   :.,.r^.nt  c?   v.a     .r.   :       : 
.;•'.. r,   fir  -;       t     '.1 .*'.rK   v   ,  -Ity  af ;   u-% I   i/  . f1-     (/ 

.;   v  ,      •• 5 1 v.   :n* ! i-   u    1  ..'   1    '.■<:,:.    3; 
fj  ■" 1 TT.-'J   cor,: I -t ^ U,     .r. .   i .,'  ..     '  •    : ^;      .. \ s.;   '} t,   If  m 

^     ; I   l   .    A-   i-   :   ^;       \  •    ; 1   •   . r   r-a :   : -  1   .   .:,-    . . 
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firt the  shells frequently passed completely through the plate before 
functioning.    The functioning of the shell is also dependent on 
the striking velocity,    '..hen fired at a  striking velocity of 
approximately 1600 f/s against the plate placed normal to the line 
of fire  eight shells out of 35 fired did not function at all. 

In order to form a large hole in the plate the  shell 
raust function and rupture before it has passed more than half 
through the plate, 

V. RECOMLSNDATIONS 

It is recommended that in the development of 20 mm 
Incendiary,   K.E.I,,   and H, E,  Shells that the functioning of these 
shells be studied by means  of high speed X-roy pictures. 
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Stationary  X-Ray Plctuio of 20 an*.  H.E.I. 
Shell  U 97   (T 23}   With  fuzo P.D.  T 71 I 4 

DatoDator,  Approzlnatalj 5.0 gralDj Msrourjr Tulalaat« 
lowr Datonator, ApproziJiataljr 2.69 «rolna Laad Asld« 
Ua^Btioa Char««.  ApprozlaaUly 2,9 grain* T^atryl 
Tttryl,  A;; roxi.Tiiioly  8^.4 graloa fttryl 
Incandlary Caapotltlon,   Approxlmalaly M.O fr*\a» 

ma. i\*< ,\ naoRB i 9 JtaS 1941' ) 



High 8pe«d 1-&MJ Plotur«« of the Funotionln« 
of SO mm, HJB.I. Stell M 97  (T 83) «fa» fir»d 
tlnou^i an .012 in. mild ■toel target pl«o«d 
normal to the line of fire.    FUM P.D. T 71 I 4, 

Bo orueh up of the wtndanUld a« a rnault of the lapect 

KEO. #15659-8 HOUU 2 9 JU»   .945 
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High Speed I-Ray PictureB of  the Functioning of 20 mm.  H.K.I. 
Shell H 97  (T 23)  when Fired  through a  l/l6 in.  mild  steel 
target placed normal to the  line of fire.    Fuze PnD.  T 71 K 4 

T3ae shell  ruptured 
after  it  paaeed 
tturou^b  the plate. 

^rpwodiouUr pletuM of this «bell  Ukea approiLHtelf 44 aloroeeoood«  leier. 
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HIGH SPEF.D X-RAY PICTURES OF THE FUNCTIONING 
OF 20 MM  HE 1   SHELL MK I WI'EN FIRED THROUGH 
AilN  MILD STEEL  PLATE PLACED NORMAL  TO THE 

LINE OF FIRE 
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High Speed X-Ray Pictures of the Functioning of 20 mm.  H.E. Shell,  MK-3 
(Navy) When Fired Through a  l/8 in. Mild Steel Target Placed Normal  to 

Line of Fire 
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